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(54) Uniaxial level sensor

(57) A uniaxial horizontal sensor wherein factors
causing errors are eliminated having high resolution and
reproducibility and stability of detection with which a
high levelness of inclination angle zero can be secured
by attitude control has a construction wherein an elec-
trode holding body (1) made of an insulating material
has an electrode chamber (11) having an encircling wall
with an inner peripheral wall surface of a high three-di-
mensional surface roughness and of a surface of rota-
tion shape obtained by rotating a circular arc line (AL)
of a predetermined radius with a point (P) on a vertical
line (V) as its center and bisected by the vertical line (V)
about a horizontal center axis (H) intersecting orthogo-

Fig. 1

nally with the vertical line (V) and havinga common elec-
trode (2) projecting into the electrode chamber (11) in
the same position as the vertical line (V) and peripheral
electrodes (3) in left-right symmetrical positions on ei-
ther side of the common electrode (2) and projecting fur-
ther into the electrode chamber (11) than the common
electrode (2) and a bubble (5) and an electrolyte (4)
mixed in such a ratio that the interelectrode impedance
becomes a predetermined value in the horizontal state
are sealed inside the electrode chamber (11) in such a
state that the common electrode (2) is always immersed
in the electrolyte (4) and does not make contact with the
bubble (5) and in the horizontal state the peripheral elec-
trodes (3) also do not make contact with the bubble (5).
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Description

Background of the Invention

1. Field of the Invention

This invention relates to a uniaxial horizontal sensor
having a liquid and a bubble sealed inside a vessel for
ascertaining levelness by detecting the position of the
sealed bubble by means of an electrical signal, and is
used in automatic leveling of machines and devices and
in leveling devices, angle gauges, surveying instru-
ments, measuring instruments, aircraft, ships, railway
cars, automobiles and other applications where highly
accurate levelness is required.

2. Description of the Prior Art

Known uniaxial horizontal sensors of this kind in-
clude:

1) those of a construction wherein as shown in Fig.
5 a glass pipe (g) is made in a shape curved in one
axial direction, a common electrode plate (h) is dis-
posed in a lower central position and opposite elec-
trode plates (i) are disposed in two locations left-
right symmetrically removed from the upper center
and an electrolyte (j) with a large surface tension
and a bubble (k) are so sealed inside the glass pipe
(g) that in a range over which angle can be meas-
ured a part of each of the opposite electrode plates
(i) makes contact with the bubble (k);

2) those of a construction wherein in a uniaxial in-
clination bubble pipe the position of the bubble is
detected optically;

3) those of a construction wherein using a differen-
tial transformer an inductance balance change is
detected; and

4) those of a construction wherein an output signal
corresponding to the size of an electrostatic capac-
ity is inputted into an arithmetic circuit and convert-
ed into a vessel inclination and angle (for example
Japanese Unexamined Patent Publication No. H.
3-142315).

The uniaxial horizontal sensor of 1) above is for the
purpose of inclination angle zero horizontal attitude con-
trol, but because the degree of contact of the electrode
plates with respect to the electrolyte is small, not only is
there an influence on repeatability (repeat accuracy,
hysteresis, etc.) but as a result of the construction using
a glass pipe slight inclinations other than in the axial di-
rection to be measured, changes in the amount of con-
tact of the electrolyte with the electrode plates due to
expansion and contraction of the electrolyte caused by
changes in the surrounding temperature of the sensor,
and instability of the contact surfaces caused by the sur-
face tension of the electrolyte become causes of accu-
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racy errors and errors of reproducibility, and also be-
cause the surface tension of the electrolyte is large the
response speed is slow and there is a risk of a phenom-
enon of the bubble breaking up as a result of vibration
or the like occurring and causing large errors, and fur-
thermore the structure makes mounting difficult, and for
such reasons there has been the problem that it cannot
be used as a sensor for securing high accuracy.

In the case the uniaxial horizontal sensor of 2)
above there is an influence of errors caused by defor-
mation of the shape of the bubble due to temperature
change and optical sensor errors because it depends
on an optical sensor, and the sensors of 3) and 4) also
have had the problem to be solved that similarly their
degree of dependence on outside detecting devices is
high and factors causing errors are large.

Summary of the Invention

It has been appreciated that it would be desirable
to eliminate or reduce these causes of error and provide
a uniaxial horizontal sensor having high resolution and
reproducibility and stable detection with which a high
levelness of inclination angle zero can be secured by
attitude control.

Aspects of the invention are defined in the claims.

To address the above problems, one aspect of the
invention provides a uniaxial horizontal sensor having a
construction wherein severally disposed passing lig-
uidtightly into an electrode holding body made of an in-
sulating material having an electrode chamber for an
electrolyte and a bubble to be sealed inside formed by
an encirclingwall having an inner peripheral wall surface
of a high three-dimensional surface roughness and of a
surface of rotation shape obtained by rotating a circular
arc line of a predetermined radius with a point on a ver-
tical line as its center and bisected by the vertical line
about a horizontal center axis intersecting orthogonally
with the radius of the circular arc line on the vertical line
and therefore circular in any cross-section orthogonal to
the horizontal center axis and sealing end plates block-
ing openings at the ends of the encircling wall are a com-
mon electrode projecting into the electrode chamber ra-
dially in the same position as the vertical line and pe-
ripheral electrodes projecting radially into the electrode
chamber to a greater height than the common electrode
in positions on the horizontal center axis left-right sym-
metrical about the common electrode as center and hav-
ing equal surface areas, and a bubble and an electrolyte
whose surface tension is small mixed in such aratio that
the inter-electrode impedance assumes a predeter-
mined value when the sensor is horizontal are sealed
inside the electrode chamber in such a state that the
common electrode is always immersed in the electrolyte
and does not make contact with the bubble and when
the sensor is horizontal the peripheral electrodes also
do not make contact with the bubble.

Using a common electrode and peripheral elec-
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trodes made of a metal material of low ionization ten-
dency such as 18K(Au) and having the surface areas
made equal by the surfaces being polished and using
an electrolyte made by mixing pure water as a solvent,
magnesium sulfate as a solute and either anhydrous
methanol or anhydrous ethanol as a solution in such a
ratio that the inter-electrode impedance becomes 40 to
50KQ and thereby making its surface tension small, its
boiling point high and its freezing point low and making
the surface roughness of the inner peripheral wall sur-
face of the electrode chamber JIS Rmax 0.2S or below
is ideal because it eliminates causes of error and raises
the resolution and reproducibility and stability of detec-
tion, but the invention is not limited to this.

In a uniaxial horizontal sensor according to the in-
vention constructed as described above, among the
common electrode positioned on a vertical line connect-
ing the electrode chamber center and the center of cur-
vature of the circular arc line of the inner peripheral wall
surface at inclination angle zero (completely horizontal
state) and vertically below a curved surface formed by
rotating the circular arc line about the horizontal center
line and the peripheral electrodes on the left and right
thereof, the common electrode is always immersed in
the electrolyte and does not make contact with the bub-
ble, and in the horizontal state the peripheral electrodes
are always immersed in a state such that they do not
make contact with the bubble in the electrolyte having
a small surface tension and mixed in such a ratio that
the inter-electrode impedance becomes a predeter-
mined value, and when the bubble displaces along the
curved surface forming the inner surface of the elec-
trode chamber due to the existence of an inclination an-
gle the inter-electrode impedance changes according to
the position of the bubble and this change can be con-
verted directly into an electrical signal and outputted as
an analogue angle information signal, and on the basis
of this a motor drive or the like can be controlled to make
the analogue signal zero and the sensor can be used
for obtaining a levelness of high inclination angle zero
accuracy.

In particular, because the inner wall of the electrode
chamber is made an encircling wall having an inner pe-
ripheral wall surface of a high three-dimensional surface
roughness and of a surface of rotation shape obtained
by rotating a circular arc line of a predetermined radius
with a point on a vertical line as its center and bisected
by the vertical line about a horizontal center axis inter-
secting orthogonally with the vertical line and therefore
circular in any cross-section orthogonal to the horizontal
center axis, with respect to inclinations other than the
uniaxial horizontal to be measured, causes of measure-
ment errors are eliminated, and because the common
electrode is always immersed in the electrolyte and
does not make contact with the bubble and in the hori-
zontal state the peripheral electrodes do not make con-
tact with the bubble and changes in inter-electrode im-
pedance occurring due to positional displacement of the
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bubble are detected three-dimensionally the angle in-
formation output is high and output fluctuation errors
caused by physical changes such as expansion and
contraction and surface tension of the electrolyte occur-
ring due to changes in the surrounding temperature are
extremely small and it is possible to secure extremely
high accuracy and reproducibility.

Brief Description of the Drawings

Fig. 1 is a length direction vertical sectional view of
a uniaxial horizontal sensor accordingto a preferred
embodiment of the invention;

Fig. 2 is a sectional view on the line A-A in Fig. 1;
Fig. 3is a side view of the uniaxial horizontal sensor;
Fig. 4 is a circuit diagram of a sensor circuit for use
with a uniaxial horizontal sensor according to a pre-
ferred embodiment of the invention; and

Fig. 5 is a sectional view showing an example of a
conventional uniaxial horizontal sensor.

Detailed Description of the Preferred Embodiments

Fig. 1 is a length direction vertical sectional view of
a uniaxial horizontal sensor (S) according to a preferred
embodiment of the invention, Fig. 2 is a sectional view
of the uniaxial horizontal sensor (S) on the line A-A in
Fig. 1, and Fig. 3 is a side view of the uniaxial horizontal
sensor (S). The uniaxial horizontal sensor (S) is made
up of an electrode holding body (1), acommon electrode
(2), two peripheral electrodes (3) and an electrolyte (4)
and a bubble (5) sealed inside the electrode holding
body (1).

The electrode holding body (1) is made up of an
electrode chamber forming main body (12) of cross-sec-
tionally substantially octagonal tubular form made of
polycarbonate as an insulating material and having
formed therein an electrode chamber (11) open at both
ends and two sealing end plates (13a), (13b) also made
of polycarbonate.

The inside wall surface of the electrode chamber
(11) of the electrode chamber forming main body (12) is
of a surface of rotation shape obtained by rotating a cir-
cular arc line (AL) of a large radius (100mm) with a point
(P) on a vertical line (V) passing through the center as
its center and bisected by the vertical line (V) about a
horizontal center axis (H) intersecting orthogonally with
the radius of the circular arc line (AL) on the vertical line
(V) and therefore in any cross-section orthogonal to the
horizontal center axis the electrode chamber (11) is cir-
cular (diameter of largest part 6mm) as shown with bro-
ken lines in the side view of Fig. 3, and the three-dimen-
sional surface roughness of this inside wall surface is
made JIS Bmax 0.2S or below and sealing counterbores
(14) for liquidtightly fitting the sealing end plates (13a),
(13b) into are formed in both end openings.

In the position through which the vertical line (V)
passes a common electrode fixing hole (15) and in po-
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sitions left-right symmetrical about this as center and be-
low the horizontal center axis (H) peripheral electrode
fixing holes (16) are respectively provided in the elec-
trode chamber forming main body (12) passing in the
radial direction of the electrode chamber (11) through a
horizontal bottom face (B) which is parallel to a horizon-
tal plane including the horizontal center axis (H) and is
one of the faces of the substantially octagonal shape
and has had its horizontal precision raised.

The two sealing end plates (13a), (13b) made of
polycarbonate are fixed in the sealing counterbores (14)
of the electrode chamber forming main body (12); a
charging hole (17) for charging the electrolyte (4) and
the bubble (5) is provided passing through the end plate
(13a), and after the electrolyte (4) and the bubble (5) are
charged a sealing plug (18) is fitted into the charging
hole (17) and liquidtightly sealed by welding means or
the like.

The common electrode (2) and the two peripheral
electrodes (3) are of diameter 0.6mm and made using
18K(Au), which is a metal material having a low ioniza-
tion tendency, and their surfaces are polished equally;
the common electrode (2) projects into the electrode
chamber (11) to a length such that it is always immersed
in the electrolyte (4) without making contact with the
bubble (5) sealed in with the electrolyte (4), and the pe-
ripheral electrodes (3) to a length such that they are as
close as possible to the inside wall surface on a diame-
tral line of the electrode chamber (11), and they are re-
spectively so vertically fixed in the common electrode
fixing hole (15) and the peripheral electrode fixing holes
(16) provided passing through the horizontal bottom
face (B) of the electrode chamber forming main body
(12) that their electrode rear end parts project from the
horizontal bottom face (B).

The electrolyte (4), to make its surface tension small
and its boiling point high and its freezing point low, is
one made by mixing pure water as a solvent, magnesi-
um sulfate as a solute and either anhydrous methanol
or anhydrous ethanol as a solution in such a ratio that
the inter-electrode impedance becomes 40 to 50KQ,
and the amount thereof sealed in is an amount such that
the common electrode (2) is always immersed and does
not make contact with the sealed-in bubble (5), and the
bubble (5) is an amount of air such that it does not make
contact with the peripheral electrodes (3) in the horizon-
tal state; they are each charged through the charging
hole (17) and the charging hole (17) is liquidtightly
sealed with the sealing plug (18) after charging.

As means for converting the position of the bubble
(5) of the uniaxial horizontal sensor (S) of the preferred
embodiment described above directly into an electrical
signal, for example as shown in the sensor circuit dia-
gram of Fig. 4, means for generating a predetermined
4KHz base pulse from an alternating current with an os-
cillator OSC, making this a 2KHz pulse of duty 50% with
afrequency divider F/F, impressing this pulse on the pe-
ripheral electrodes (3) of a uniaxial horizontal sensor (S)
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according to the invention using a buffer amplifier SP1
and a buffer amplifier SP2 of the reverse phase pulse
thereof, and to extract information from this, drawing a
signal from the common electrode (2) into a signal am-
plifying circuit AMP1, drawing the output thereof into an
analogue switch MP by way of an amplifying circuit
AMP2 having a zero drift correcting function based on
a variable resistance VR1 and drawing a synchronizing
signal from the frequency divider F/F into the analogue
switch, feeding an analogue signal synchronized in the
analogue switch into an amplifier AMP3 by way of a
sample and hold circuit SH1 and outputting from this
amplifier AMP3 a predetermined analogue signal corre-
sponding to inclination can be employed, but the inven-
tion is not limited to this and it may of course be replaced
with a known converting means.

A uniaxial horizontal sensor of the invention is used
by being fixed to a flat surface of an apparatus or device
required to be installed horizontally, and by mechanical
control means the same as in a conventional method,
for example, on the basis of a digital signal converted
with a signal convertor motors for adjusting inclination
are driven and this rotation is converted to linear motion
and the inclination of the surface on which the sensor is
mounted is changed and control is carried out so that
the analogue signal becomes zero. By using two uniax-
ial horizontal sensors of the invention disposed inter-
secting horizontally orthogonally, they can also be used
for obtaining the horizontal as a biaxial sensor.

With in a uniaxial horizontal sensor according to the
invention constructed as described above, because
among the common electrode positioned on a vertical
line connecting the electrode chamber center and the
center of curvature of the circular arc line of the inner
peripheral wall surface at inclination angle zero (com-
pletely horizontal state) and vertically below a curved
surface of the shape of a surface of rotation formed by
rotating the circular arc line about the horizontal center
axis and the peripheral electrodes on the left and right
thereof, the common electrode is always immersed in
the electrolyte and does not make contact with the bub-
ble, and in the horizontal state the peripheral electrodes
in a state wherein they do not make contact with the bub-
ble are always immersed in the electrolyte having a
small surface tension and mixed in such a ratio that the
inter-electrode impedance becomes a predetermined
value, when the bubble displaces along the curved sur-
face forming the inner surface of the electrode chamber
due to the existence of an inclination the inter-electrode
impedance changes according to the position of the
bubble and this change can be converted directly into
an electrical signal and outputted as an analogue angle
information signal, and using this analogue signal by
means of mechanical control means, on the basis of this
horizontal control bringing the analogue signal to incli-
nation angle zero (completely horizontal state) can be
carried out and a levelness of high inclination angle zero
accuracy can be obtained.
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In particular, as a result of the inner wall of the elec-
trode chamber being made an encircling wall having an
inner peripheral wall surface of a high three-dimensional
surface roughness and of a surface of rotation shape
obtained by rotating a circular arc line of a predeter-
mined radius with a point on a vertical line as its center
and bisected by the vertical line about a horizontal cent-
er axis intersecting orthogonally with the vertical line and
therefore circular in any cross-section orthogonal to the
horizontal center axis, with respect to inclinations other
than the uniaxial horizontal being measured, causes of
measurement errors are eliminated, and because the
common electrode is always immersed in the electrolyte
and does not make contact with the bubble and in the
horizontal state the peripheral electrodes do not make
contact with the bubble, changes in inter-electrode im-
pedance occurring due to positional displacement of the
bubble can be detected stereoscopically and the angle
information output is high.

As a result of an electrolyte made by mixing pure
water as a solvent, magnesium sulfate as a solute and
either anhydrous methanol or anhydrous ethanol as a
solution in such a ratio that the inter-electrode imped-
ance becomes 40 to 50KQ to make its surface tension
small and its boiling point high and its freezing point low
being used and the three-dimensional surface rough-
ness of the inner surface of the electrode chamber being
made high, output fluctuation errors caused by physical
changes such as expansion and contraction and sur-
face tension of the electrolyte occurring due to changes
in the surrounding temperature are extremely small and
it is possible to secure high accuracy and reproducibility,
and it is possible to bring the attitude of an object device
on which the sensor is used to a highly accurate state
of inclination angle zero (completely horizontal).

Thus, it is possible to provide cheaply a uniaxial hor-
izontal sensor ideal for use in automatic leveling of ma-
chines and devices and in leveling devices, angle gaug-
es, surveying instruments, measuring instruments, air-
craft, ships, railway cars, automobiles and other fields
where highly accurate leveness is required.

It will be appreciated that the above description is
merely illustrative of a preferred embodiment, and that
modifications may be made within the scope of the in-
vention.

Claims
1. A uniaxial horizontal sensor comprising:

an electrode holding body made of an insulat-
ing material and having an electrode chamber
for an electrolyte and a bubble to be sealed in-
side formed by an encircling wall having an in-
ner peripheral wall surface of a high three-di-
mensional surface roughness and of a surface
of rotation shape obtained by rotating a circular
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arc line of a predetermined radius with a point
on a vertical line as its center and bisected by
the vertical line about a horizontal center axis
intersecting orthogonally with the radius of the
circular arc line on the vertical line and there-
fore circular in a cross-section orthogonal to the
horizontal center axis and sealing end plates
blocking openings at the ends of the encircling
wall; and

a common electrode projecting into the elec-
trode chamber radially in the same position as
the vertical line and peripheral electrodes pro-
jecting into the electrode chamber to a greater
height than the common electrode in positions
on the horizontal center axis left-right symmet-
rical about the common electrode as center and
of equal surface area severally passing lig-
uidtightly from outside into the electrode hold-
ing body,

wherein a bubble and an electrolyte whose sur-
face tension is small mixed in such a ratio that
the inter-electrode impedance assumes a pre-
determined value when the sensor is horizontal
are sealed inside the electrode chamber in
such a state that the common electrode is al-
ways immersed in the electrolyte and does not
make contact with the bubble and when the
sensor is horizontal the peripheral electrodes
also do not make contact with the bubble.

A uniaxial horizontal sensor according to claim 1,
wherein the common electrode and the peripheral
electrodes are made of a metal material having a
low ionization tendency such as 18K(Au) and the
surface areas are made equal by the surfaces being
polished.

A uniaxial horizontal sensor according to claim 1 or
2, wherein the electrolyte is one made by mixing in
such a ratio that the inter-electrode impedance be-
comes 40 to 50KQ pure water as a solvent, magne-
sium sulfate as a solute and one of anhydrous meth-
anol and anhydrous ethanol as a solution and there-
by having its boiling point raised and its freezing
point lowered.

A uniaxial horizontal sensor according to claim 1, 2
or 3, wherein the surface roughness of the inner pe-
ripheral wall surface of the electrode chamber is JIS
Rmax 0.2S or below.

A uniaxial horizontal sensor according to claim 1, 2,
3 or 4, further comprising means for generating a
predetermined base pulse from an alternating cur-
rent with an oscillator and making this a pulse of
duty 50% with a frequency divider and impressing
this pulse on the peripheral electrodes using a buff-
er amplifierand a buffer amplifier of a reverse phase
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pulse thereof and to extract information from this
drawing a signal from the common electrode into an
amplifying circuit and drawing the output thereof in-
to an analogue switch by way of two amplifying cir-
cuits having a zero drift correcting function and
drawing a synchronizing signal from the frequency
divider into the analogue switch and feeding an an-
alogue signal synchronized in the analogue switch
into an amplifier by way of a sample and hold circuit
and outputting from this amplifier a predetermined
analogue signal corresponding to inclination of the
sensor.

A uniaxial inclination sensor comprising a chamber,
a first electrode projecting into the chamber and
spaced between second and third electrodes pro-
jecting into the chamber, the chamber containing
electrolyte and a region of gas, and wherein in at
least a predetermined working inclination of the
sensor, the region of gas does not contact the sec-
ond and third electrodes.

A uniaxial inclination sensor comprising an electro-
lyte containing chamber, first, second and third
electrodes projecting into the chamber, the cham-
ber being defined at least partly by a surrounding
wall of a shape defined by rotating a longitudinal arc
line completely about a central axis of the chamber.

A sensor according to claim 6 or 7 wherein, in nor-
mal use, the first electrode is immersed in the elec-
trolyte.
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